Colitis-associated cancer (CAC) is colorectal cancer which is preceded by inflammatory bowel disease (IBD), of which ulcerative colitis and Crohn disease are the 2 most common forms. Although IBD-related cancer accounts for only 2% of all colorectal cancer cases in the general population, IBD localized in the colon is a high-risk factor for colorectal cancer development.[@R1] An association between IBD and colorectal cancer has been well established with a cumulative risk of developing colorectal cancer of 2% at 10 years, 8% at 20 years, and 18% at 30 years of active ulcerative colitis and 8% at 30 years of active Crohn disease.[@R1]^,^[@R2] Increased risk of CAC in IBD patients depends on disease severity, disease duration, efficacy of IBD management, and extent of disease at diagnosis.[@R3] Recent population-based studies suggest that risk of CAC in IBD has decreased over time, which could be partly due to the increased use of maintenance therapy for IBD and surveillance colonoscopy after 8 years of disease duration.[@R4] Several features make CAC distinct from sporadic colon cancer. CAC is often anaplastic, broadly infiltrating, rapidly growing, and develops in flat dysplastic tissue. While genetic alterations are similar to those in sporadic colorectal cancer, the frequency and sequence of these events differ in CAC. Unlike sporadic colorectal cancer, mutations in the adenomatous polyposis coli (APC) tumor suppressor gene happen late during the progression from dysplasia to cancer following earlier mutations in p53 and K-Ras.[@R5] It is thought that DNA damage and mutations caused by inflammatory signaling during IBD may bypass the initial APC mutation step required to initiate sporadic colorectal cancer tumorigenesis.[@R3] Therefore, CAC is a classical inflammation-driven cancer.

The transcription factor STAT3 plays a central role in colitis and CAC due to its regulation of intestinal epithelial cell survival and proliferation. In addition to IL-11, IL-22, HGF, and EGF family members, the proinflammatory cytokine IL-6 is a potent activator of STAT3. Aberrent IL-6/STAT3 signaling is associated with IBD and CAC.[@R6] STAT3 regulates anti-apoptotic genes such as Bcl-xL and Bcl-2, cell cycle regulators such as Cyclin D1 and c-Myc, and angiogenic factors such as VEGF.[@R7] Intestinal epithelial cell-specific deletion of STAT3 diminishes tumor growth and multiplicity during CAC despite increased susceptibility to experimental colitis, mimicking the phenotype of genetic deletion or pharmacological inhibition of IL-6.[@R8]^-^[@R10] STAT3 signaling in the intestinal epithelium is a double-edged sword in that it mediates protection and wound healing during injury and colitis, but can also stimulate tumor cell proliferation and survival.[@R9]^,^[@R10] Constitutive activation of STAT3 has been reported in many cancers including colorectal cancer and CAC.[@R11] The transcription factor NFκB is upregulated in both immune and epithelial cells during active colitis and CAC. NFκB-activating cytokines including TNFα and IL-1β are elevated in IBD and CAC and current treatments for IBD include inhibition of TNFα.[@R12] NFκB is thought to be a major activator of IL-6 production from immune cells, which is a major driver of STAT3 activation in epithelial cells. In tumor cells NFκB and STAT3 can activate one another in a feed-forward fashion, driving persistently active STAT3 and NFκB signaling.[@R13]

A recent publication by Liang et al. provide further insight describing sphingosine-1-phosphate (S1P) as an upstream mediator of NFκB and STAT3 persistent activation in colitis and CAC. In addition to their function as critical structural components of cell membranes, sphingolipids serve as bioactive signaling molecules. S1P influences cell fate through promotion of cell proliferation and survival and inhibition of apoptosis.[@R14] The enzymes that regulate levels of S1P are the sphingosine kinases (SphK1 and SphK2) and previous studies have indicated that S1P levels controlled by SphK1 contribute to carcinogenesis.[@R15] Proceeding this study by Liang et al., it was shown that expression of SphK1 is increased in colon of UC-afflicted patients and during colorectal cancer,[@R16]^,^[@R17] mice with targeted deletion of *SphK1* exhibited reduced aberrant crypt foci and tumor formation in an experimental model of CAC,[@R16] and S1P activates NFκB signaling.[@R18] Furthermore, it was previously shown that STAT3 induces expression of the S1P receptor S1PR1 in tumors and associated immune cells, which reciprocally activates STAT3 thereby driving persistent IL-6 formation and NFκB signaling and subsequent tumor growth and metastases.[@R13]^,^[@R19] Liang et al. further these findings by demonstrating that the NFκB/IL-6/STAT3/S1PR1 amplification loop is driven by SphK1-mediated upregulation of S1P and that this signaling cascade is critical to the development of chronic colitis and CAC.

Using mice with targeted deletion of *SphK2*, Liang et al. show that loss of SphK2 enhances SphK1 and S1P expression and increases the severity of dextran sodium sulfate (DSS)-induced colitis and tumorigenesis in the azoxymethane (AOM)-DSS model of CAC compared with wild-type (WT) mice. The associated increase in SphK1 and S1P in SphK2^−/−^ mice was attributed to loss of SphK2-mediated HDA1/2C inhibition, thereby increasing the induction of c-Jun and its target gene *SphK1*. The severity of colitis in SphK2^−/−^ mice correlated with NFκB activation, IL-6 and TNFα formation, STAT3 activation, and S1PR1 expression. The number of activated Th cells or Tregs was the same between WT and SphK2^−/−^ mice at baseline and during DSS colitis. Mucosal barrier function was not altered by deletion of *SphK2* as evidenced by similar rates of FITC-dextran translocation in WT and SphK2^−/−^ mice at baseline and during DSS colitis. A requirement for S1P formation vs. constitutive activation was confirmed using the SphK1 inhibitor, SK1-I, or a competitive S1PR1 antagonist, W146, which reduced the severity of DSS-induced colitis, NFκB and STAT3 activation, IL-6 expression, and S1P expression in SphK2^−/−^ mice.

Using reciprocal bone-marrow chimeric mice, generated by adoptive transfer of bone marrow into lethally irradiated mice, Liang et al. show that induction of colitis and activation of NFκB and STAT3 in SphK2^−/−^ mice is dependent on hematopoietic cells vs. non-hematopoietic cells, such as intestinal epithelial cells. Furthermore, the authors demonstrate that the cellular source of IL-6 in SphK2^−/−^ mice during DSS-induced colitis is macrophages. During the late phase of CAC, macrophages, dendritic cells, and to a lesser extent T cells infiltrate the adenoma and produce IL-6 in SphK2^−/−^ mice.

FTY720 is a S1P mimetic that acts as a functional antagonist of S1PR1 and induces its proteosomal degradation.[@R20] FTY720 alters migration and homing of lymphocytes via S1P receptors and induces activation of CD4^+^CD25^+^ Tregs. Previous reports indicate that FTY720 protects against DSS-, trinitrobenzene sulfonic acid (TNBS)-, and oxazolone-induced colitis as well as CD4^+^CD62L^+^ T cell transfer colitis.[@R21]^-^[@R23] Liang et al. demonstrate that WT and SphK2^−/−^ mice treated daily with FTY720 exhibit less severe colitis with concurrent lymphopenia. FTY720 treatment abrogated DSS-induced SphK1 and S1P expression in WT and SphK2^−/−^ mice. Furthermore, FTY720 reduced NFκB and STAT3 activation, decreased the elevated levels of IL-6 and S1PR1, and reduced the number of recruited macrophages during DSS colitis in SphK2^−/−^ mice. Since these results suggest that FTY720 ameloriates colitis by impeding the NFκB/IL-6/STAT3/S1PR1 amplification loop initiated by SphK1 and S1P signaling, the authors next assessed the effect of FTY720 on development and progression of CAC. FTY720 administered throughout the CAC protocol reduced tumor number, tumor size, and tumor load in WT and SphK2^−/−^ mice. FTY720 administered only during late-stage CAC proved it can impact tumor progression in WT mice but was not as effective in SphK2^−/−^ mice. Late-stage FTY720 administration reduced proliferation rates of WT and SphK2^−/−^ tumors, suggesting that FTY720 can affect tumor growth and development. This was associated with abrogated STAT3 activation and reduced IL-6 expression in the tumors and infiltrating immune cells as well as NFκB activation in tumors from WT and SphK2^−/−^ mice. Furthermore, late-stage FTY720 administration reduced the elevated SphK1 and S1PR1 in CAC adenomas. These results suggest that FTY720 is effective in abolishing the SphK1/S1P/S1PR1 amplification loop driving persistent STAT3 activation and can even suppress established CAC.

This study by Liang et al. demonstrates a significant advance in our understanding of the molecular pathways driving the transition from chronic inflammation to tumorigenesis. Upregulation of SphK1 during colitis drives the NFκB/IL-6/STAT3/S1PR1 amplification loop linked to tumorigenesis during CAC ([Fig. 1](#F1){ref-type="fig"}). The current study suggests that SphK1 drives tumor infiltrating macrophages and dendritic cells to produce elevated IL-6 levels during CAC, thereby promoting a pro-inflammatory tumor microenvironment. Given the results from this study by Liang et al. demonstrating that SphK2 is an inhibitor of SphK1 expression, it would be worthwhile to determine whether expression of SphK2 is decreased in IBD and/or CAC, subsequently contributing to the increase in SphK1. Targeting upstream mediators of STAT3 activation with FTY720 or other SphK1/S1P/S1PR1 inhibitors may provide a therapeutic option to prevent the progression of colitis to cancer. Alternatively, agonists of SphK2 may provide an additional therapeutic approach to inhibit aberrant SphK1 and downstream signaling. The publication by Liang et al. provides strong evidence that alleviation of a pro-inflammatory tumor microenvironment by ablating constitutive STAT3 activation by targeting SphK1/S1P/S1PR1 signaling holds therapeutic promise in combating CAC.

![**Figure 1.** S1P activated by SphK1 is the driver of persistent NFκB and STAT3 activation linked to tumorigenesis during CAC. (**A**) Increased levels of SphK1 and S1P during colitis lead to a feed-forward amplification loop driving persistent NFκB and STAT3 activation in tumors, tipping the balance toward growth/progression. (**B**) Inhibition of S1P signaling by the mimetic FTY720, abolishes persistent NFκB and STAT3 activation, suppressing development and progression of tumors during CAC.](jkst-2-e24150-g1){#F1}
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